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suBiecT:  Bilousclence Subsequence in a Multi- DATE:  December 27, 1968
Disciplinary Space Station.
Case 720. from: R. E. McGaughy

TECHNICAL MEMORANDUM

I. INTRODUCTION

This memorandum discusses the biological experiment
activity which might be carried out on a six-man, two-year
earth-orbital space station whose general characteristics are
outlined in a memorandum by G. T. Orrok (Ref. 1). Major em-
phasis will be placed on the general types of biological sci-
ence activity which would be meaningful in the space station
rather than a detailled description of each crew member's ac-
tivity throughout the mission. All of the scientific activi-
ties are bounded by the sleep-eat-work schedule described by
5. L. Penn (Ref. 2) and referred to as the Personal Maintenance
Subsequence.

Rationale for Earth Orbital Biology Experiments

There are several reasons for doing biology experi-
ments in earth orbit.

1. The unique environment of an earth-orbiting
satellite can contribute to our knowledge of basic biological
processes. Experiments in zero gravity are needed to test
theories of the nature of gravity perception in plants and
reotropism in roots and stems. In addition, measuring the
vrowth of embryos in a reduced gravity environment might clar-
1fy the nature of cellular and tissue specialization during
animal development. Since earth satellites experience none
of the earth's normal 24-hour (circadian) periodicities of
rravity flelds, magnetic fields and light intensity, experi-
ments in earth orbit might be useful in discovering the mech-
anism of circadian periodicities of the metabolism and activity
of living systems,

2. Experiments on animals in space can help us un-
derstand the process of human adaptation to the space envi-
ronment. It is possible to measure a greater variety of
physiological and behavioral parameters on animals than on
man, and these measurements could help us understand the
process of adaptation to zero-G conditions. Animals are also
useful for testing potential countermeasures (e.g., drug
treatments) against the adverse effects experienced by man in
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the space environment. In preparing for manned planetary
Filpht, where emerpencles must be met on board the spacecraft
ralber Lhan polnp to the ground for help, man should develop
Lhe skl e of surgery In the welghtleos: environment. There-
Fore, surpleal practlece on animals in space becomes desirable.

3. An earth-orbiting space station is an ideal
platform for testing techniques for the detection of extrater-
restrial 1life. This has two aspects: (a) remote sensing of
life on Earth, and (b) laboratory analysis of terrestrial
solls and meteoroids collected in space. Zero-gravity tech-
nigues in sample handling and experimentation under sterile
conditions must be developed if man is to analyze soil samples
from a planetary landing or fly-by.

In addition to these explicit reasons for performing
earth-orbital blology experiments, it is always possible that
the experiments will turn up surprises where we are not look-
ing for them. This is especially true for the proposed group
of experiments which investigate the effects of zero-gravity
on a wide range of plants and animals. From a long-range
viewpoint, thils serendipity rationale is an important factor
in the development of new capabilities.

Il. HARDWARE NEEDED FOR BIOLOGY EXPERIMENTS

The Douglas Biotechnology Laboratory Study (Ref. 3)
llsts the equipment needed to carry out most of the biology
experiments referred to above. This 1list, which omits exobi-
ology-related equipment, includes life support facilities for
biologlcal specimens and laboratory instruments for analyzing
metabolism, growth, tissue structure, and chemistry of body
fluids. '

It should be pointed out that exobiology activities
require, in addition to a small amount of special equipment,
thelr own sterile working area of the spacecraft. This area
must be completely isolated from all sources of terrestrial
contamination for the entire duration of the flight. The an-
imal surgery and some laboratory analyses also require a sterile
working area, but the latter area can be sterilized immediately
before the experiment is performed, and therefore requires no
unusual design effort.

IITI. DESCRIPTION OF BIOLOGICAL EXPERIMENT ACTIVITY

Table I (from Hilchey and Mason, Ref. 4, p. 8) shows
the general types of activity for which man is needed in per-
forming space bilology experiments. It emphasizes the progres-
sive Jdegree of involvement which occurs as scientific abilities
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are gradually improved in space. By the time the two-year
space station 1s launched, we expect that the astronauts will
be at about level C, where they will be making significant
contributlions as trained biology technicilans.

In Figure 1, the biological science activitlies of
the space station are described as a series of modes, each
with its own requirements of crew time and spacecraft resources.
By including an "unattended" mode (Mode A), we emphasize that
the specimens (e.g., bacteria, plants, animals) are continually
belng supported by the spacecraft life-support equipment, but
that crew time 1s not needed to keep them alive. The film re-
quirements allow for time-lapse photography of growing tissue
at the rate of one plcture every five minutes. The automatic
tape recording of data allows for 10% bits per day for each of
ten experiments. The power needed for conducting all of the
bilology experiments listed in the recent "Experiment Program
for Manned Orbital Workshops" (Ref. 5) is about 1050 watts.

Mode B (blological housekeeping) includes a major
part of the routine bioscience activity described in Table I.
It is during this time that the specimens will be checked for
integrity, growth patterns observed, samples collected and
preserved, and specimens fed.

In Mode C the bloscience specialist performs labora-
tory analysis of various samples (animal body fluids, tracer
chemistry in tissue cultures and bacteria, staining of tissue
for microscope examination, photomicrography, bacterial growth
analysis, survival studies of terrestrial organisms in space,
etc.). The time devoted to these tasks depends strongly on
the skills and interest of the scientists on board, and the
f1;ure of 4-8 hours per week should be regarded only as a
preliminary estimate.

The animal surgery (Mode D) and exobiology (Mode E)
activities are described as separate modes because they each
require their own block of time, use their own sterile areas
of the spacecraft, and require unique crew skills. For example,
the animal surgery experiments are specifically designed for
a physician, who might not be trained to ildentify competently
the types of micro-organisms in soil samples.

If one of the blological specimens becomes 111, as
described in Mode F, then a crew member could be occupled with
surveillance and treatment and become unavailable for other
tasks. In this mode, as in all of the bioscience modes, no
apeocial communication or power load 1s Imposed on the space-
craf't operational systems.
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1v. SUMMARY

Thils memorandum has outlined, in broad terms, the
veneral types of blological science activity which would be
meaningful in an earth-orbilting space station. We have dis-
cussed the way in which these activities demand crew time and
skllls as well as spacecraft resources. Figure 1 summarizes
these demands in a form compatible with those of other disci-
plines.

The author would like to thank S. L. Penn and G. T.
Orrok for helpful comments concerning the organization of Fig-
ure 1.

1011-REM=~chb R. E. McGaughy x j

Attachments
Table I
Figure 1
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TABLE I

JOB DESCRIPTIONS FOR
FIVE REASONABLE ALTERNATIVE ASTRONAUT ROLES
IN ORBITAL SPACE BIOLOGY RESEARCH

ALTERNATIVE DUTIES

0 Return logistics (brings back exper-
iment package)

A As above, plus:
Monitors conditions of experiment
as a whole
Logs and/or transmits monitored
records

B . ~ As above, plus:
Deploys experiments
Starts up experiments
Preventlive mailntenance
Repalrs or realligns
Specimen removal and preservation
Termination of experiments

C As above, plus:
Executes simple Survey Research Pro-
gram

Simple experiment manipulations
Simple observations

Reports significant events to ground
P.I.

Initiates simple repeat or follow-on
experiments with reusable/adaptive
equipment

D As above, plus:
As P.I., or member of P.I. team
As professionally qualified and ex-
perienced specialist initiates, re-
vises, redirects:
Series of related experiments
To further a complex, indepth
research program
To assure maximum scientific
worth of program
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